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Abstract
Natural drying is practiced to improve the quality of fuel wood. The purpose of this study is 
to obtain the mathematical model of natural drying of whole trees stacked in bunches in the 
cutting area. To do this, an experimental study of natural drying of whole trees with different 
diameter was carried out from March to October 2015. Whole pine and birch trees were 
sorted according to their diameter and placed in bunches in the cutting area. During the next 
7 months, the moisture content of wood and ambient parameters were constantly measured. 
As a result, the mathematical model describing the change in moisture content of the trees in 
bunches in the cutting area in the process of natural drying was developed. The resulting 
mathematical model makes it possible to determine the change in the average moisture content 
of wood depending on the following factors: diameter of a tree trunk, cumulative precipitation, 
relative humidity and ambient temperature, average wind speed and duration of natural dry-
ing. The developed mathematical model allows to predict changes in moisture content of wood 
in the process of natural drying. During the experiment, in the process of natural drying from 
March to October, it decreased from 52% to 27% on average. The results can be used to improve 
the efficiency of fuel wood production. The proposed mathematical model can be used in prac-
tice for predicting the outdoor wood moisture content change of whole trees packed in stacks 
for natural drying, and therefore, to determine the optimum drying time.
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1. Introduction
It is a known fact that high moisture content of fuel 
reduces	its	calorific	value	(Erber	et	al.	2014)	and	the	



















round wood moisture content change under natural 
atmospheric	drying	in	the	stack	depends	on	the	fol-
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cation	 of	 the	 equations	 proposed	 in	 other	 works	
(Raitila	et	al.	2015,	Kim	and	Murphy	2013).	Eq.	 (1)	
takes	into	account	the	effects	of	temperature,	relative	
humidity, and rainfall on the natural drying of wood:
 = + × + ×∑ ∑i+1 i 1 2w w k P k E  (1)
Where:	
wi+1	 	target	 relative	humidity	during	natural	wood	
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face	(in	the	temperature	range	0–83	°C) can be found in 
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forest	 residues,	 non-debarked,	 partially	 debarked,	


































































Fig. 1 Way of laying the stacks of whole trees (fuel wood) for 
natural drying in a cutting area
Table 1 Parameters of stacks of the whole trees of pine laid in a 
cutting area for natural drying
Parameter\No bunch of tree 1 (pine) 2 (pine) 3 (pine) 4 (birch)
Average diameter of tree trunks 
in a bunch, cm
7 11 15 14
Average height of a tree, m 8 10.5 14.5 13
Number of trees in a bunch, pcs. 21 18 15 25
Wood volume in a bunch, 
density, m3
0.65 1.9 3.7 5
Average height of a bunch, m 1 1.1 1.1 1.3
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Moisture	content	of	wood	in	the	process	of	natural	
drying	in	the	experiment	on	the	1st	or	the	2nd day of 
each	month	from	April	to	September	was	measured	




































2.	The	cumulative	precipitation	ΣP, in mm, for the 
period	of	time	(ti+1	–	ti)	in	the	experiment	is	the	total	
amount of rain fallen for ith	month	of	trees	drying.	
The	total	direct	evaporation	of	water	from	the	surface	
for the ith month was taken as ΣE	both	in	the	experi-
ment	and	simulation.	In	the	experiment	and	in	the	
mathematical model, t	was	the	average	ambient	tem-
perature	measured	near	 the	 stacks	of	 trees.	Wind	
speed	was	measured	at	mid-height	of	the	stack,	at	
0.55	meters	height	from	the	ground.	The	results	of	


































of water vapor 
in the air 
un, kPa
Average speed of 
movement of air, blowing 
a stack of trees 
J, mps
Total direct evaporation 
of water from the  
surface 
SE, mm
0 March –2.1 – – – – – –
1 April 3.95 74 66 0.81 0.6 1.2 47.9
2 May 16 57 22.1 1.82 1.04 1 169.3
3 June 18.75 66.5 54.2 2.17 1.44 0.8 139
4 July 17.1 90 138.7 1.95 1.76 1.3 48
5 August 15.35 75.4 64.1 1.74 1.32 1 9.3
6 September 14.5 65 30.8 1.65 1.07 0.9 115.9
Total – – 375.8 – – – 613.5
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Table 3 Experimental coefficients k1, k2 of mathematical model (1)












mine	 the	dependence	of	 the	coefficients	k1, k2 from 
wood diameter:
 k1 = –	0.00275	´ D + 0.1426 (5)
 R2 = (0.98)
 k2 = –	0.003125	´ D + 0.1437 (6)




Fig. 2 Experimental and theoretical (eq. 1) values of moisture content of wood
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4. Discussion
The	maximum	decrease	in	wood	moisture	for	all	



































Naturally, there are limitations and conditions for 
the	correct	use	of	the	research	results.	The	proposed	
mathematical model to determine the moisture con-
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